ABSTRACT The neuropsychological performance of a group of 49 workers occupationally exposed to lead was compared with a matched control group of 36 non-exposed workers. The psychometric measurements were composed of tests covering a broad range of different neuropsychological functions, particular emphasis being given to perceptual motor ability and attention concentration functioning. A questionnaire to assess subjective symptoms in mood, sleep disturbance, poor concentration and forgetfulness, somatic complaints, and social passivity was also included in the battery of tests. Compared with the controls, the performance of the lead workers was found to be significantly poorer for digit symbol, Bourdon-Wiersma, trail making test (part A), Santa Ana test, flicker fusion, and simple reaction time. In terms of subjective symptoms the exposed group also reported significantly more complaints of anxiety and depressed mood, poor concentration and forgetfulness, and other somatic complaints. These differences were observed among lead workers with a mean blood lead value of 2-35 umol/l (SD 0-7).
In the past lead poisoning was usually associated with clinical evidence of anaemia, toxic encephalopathy, and peripheral neuropathy. Increasingly it is being recognised that abnormal responses may exist among people exposed to lead in the absence of overt evidence of clinical lead poisoning. Such subclinical evidence of lead poisoning has particularly been reported in neurophysiological and neuropsychological studies.'-' The relatively few neuropsychological studies undertaken have come from the industrialised countries, none having been reported from countries in the developing world. The present study reports the findings of a neuropsychological study undertaken among workers in Singapore exposed to a mixture of lead stearate and tribasic lead sulphate.
Methods

SUBJECTS
The 49 workers exposed to lead were drawn from a company in Singapore manufacturing lead based stabilisers used in the manufacture of polyvinyl chloride (PVC) material. The control group of 36 workers were matched for educational level (all below 12 years of education) and ethnicity. The mean age ofthe exposed group was 26-1 years (SD 7 6) and the mean age of the Accepted 21 January 1986. control group 29-8 years (SD 6-4). This difference though statistically significant should have no effect on neuropsychological test performance as it is recognised that performance generally reaches a peak at 20-24 and remains relatively constant up to 40. The control group was drawn from among industrial workers with no occupational exposure to lead.
BLOOD LEAD ESTIMATION
For blood lead analysis, 2 ml of heparinised blood was collected from the workers exposed to lead. Precautions were taken during the collection of samples to prevent contamination so far as possible by using plastic disposable syringes and the blood was collected in lead free polystyrene tubes for analysis. Lead The score is the number of openings that the subject has gone through without touching the vertical lines in two minutes.
Flickerfusion test (FFT)-The FFT is used to measure fatigue. An electronic instrument (Strobotac) with a short flash duration is used to provide intermittent light at variable frequencies and the subject is required to adjust a knob until the flashing rate of the light is increased to the point where fusion is reached and the light appears to be steady. The flicker value is the frequency of intermittent light that is expressed in terms of cycle per second.
Questionnaire for subjective symptoms-This questionnaire was adapted from Hannian and Lindstrom4 for assessing subjective symptoms. It consists of 45 items grouped into the following subscales: mood, sleep disturbance, poor concentration and forgetfulness, somatic complaints, and social passivity. Each item is a statement and the subject can indicate on a three point scale the extent to which it is applicable to him.
Results
The means and standard deviations of the scores of the neuropsychological tests for the exposed and con- Significant findings on the Santa Ana test suggest that the lead workers were also affected in their manual dexterity and eye hand coordination. The results of the flicker fusion test found the exposed workers to be significantly less alert than the control group and this was confirmed by their longer latency in the simple reaction time test.
In terms of subjective symptoms the exposed group also reported significantly more complaints of anxiety and depressed mood, poor concentration and forgetfulness, and other somatic complaints such as headache, dizziness, and numbness in arms and legs (table 2) .
Discussion
In general this study supports the view that lead exposure among adults at levels previously considered safe may result in impairment of certain neuropsychological functions. The workers in this study were exposed to lead stearate and tribasic lead sulphate and had a mean blood lead value of 2 35 pmol/l (SD 0-7). The control group of workers were presumed to have a blood lead value of about 0 70 pmol/l Neuropsychological studies on lead workers in Singapore (SD 0-13), the typical value for workers not exposed to lead in Singapore. 7 The aspects of performance most affected by exposure to lead were, by comparison with the referent group, perceptual motor speed, attention concentration, manual dexterity, and eye hand coordination, the lead workers also reported more subjective symptoms. The observation that the simple response speed was significantly slower in exposed groups is in harmony with the observation of a deczueut in the above tests. It needs to be orded that it was not possible to demonstrate a statistically significant doseresponse relation between blood lead values and test performance, probably due to inadequate numbers in the study. Further, it must be recognised that the present study shows that the mean performance of the group of workers exposed to lead is poorer than the mean performance of the group of workers not exposed to lead. As such, the data cannot be used to decide on diagnostic cutoff values for use on an individual basis.
Our data confirm and extend previous reports'`3 of impaired neuropsychological performance in workers with blood lead values below the traditionally accepted "safe" values of 3-86 umol/I and it is being increasingly recognised that a review of this level is necessary. A directive adopted by the Council of Ministers of the European Communities suggests that studies be undertaken to determine if the blood lead value of 1-93 gmol/l should not be the objective for all workers.8 A similar value of 193 pmol/l is suggested by the World Health Organisation.9 629 We thank Miss P C Lim for typing the manuscript and Miss S K Tan for computer help. The research was supported by the National University of Singapore (research grant No RP 76/82) and for this we are grateful.
